, respectively. The summary point for specificity of dental care professionals when screening for caries and periodontal disease was 0.87 (0.78 to 0.92) and 0.75 (0.66 to 0.82) , respectively. The results suggest that hygiene-therapists could be used to screen for dental caries and periodontal disease. This has important ramifications for service design in publicfunded health systems.
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Background
Approximately 95% of the annual budget for National Health Service (NHS) dentistry in the United Kingdom is spent on the provision of services in primary care by general dental practitioners (GDPs). More than two-thirds of this activity relates to the routine dental "checkup" (Health and Social Care Information Centre 2014) . A large proportion of regularly attending adult patients who attend for their checkup do not require any further appointments or active restorative intervention (Milsom et al. 2009 ), yet their care is delivered by the most expensive resource, the GDP. In contrast, just under half of the population do not attend the GDP, and this group tends to experience the majority of the disease (House of Commons Health Select Committee [HSC] 2008; Milsom et al. 2009 ). If unchallenged, this situation where those with the lowest need consume the majority of health care resources is likely to exacerbate further and increase oral health inequalities in the United Kingdom (Godson and Williams 2008) .
For state-funded health systems, where taxation supports the cost of service provision, it is imperative to ensure that "the right number of people with the right skills are in the right place at the right time to provide the right services to the right people" (Birch 2002) . One method of achieving this in primary dental care is to fully use all the members of the dental team and to explore new potential models of care (Steele 2009 ). The use of mid-level providers like hygiene-therapists (H-Ts) to screen for disease among regular and asymptomatic attenders could free up significant resources. In turn, these could be used to increase the capacity to care or be used to pay for population approaches to prevention (Nash et al. 2008; Steele 2009 ). Screening is defined as a "process of identifying apparently healthy people who may be at increased risk of a disease or condition" (National Screening Committee [NSC] 2013). In the United Kingdom, the levels of dental caries and periodontal disease in adults are falling and are predicted to continue to do so (Steele 2009; Health and Social Care Information Centre 2014) . As a result, many patients who present for their routine checkup will not have disease, unlike a number of decades ago, where most presented with disease. This requires a paradigm shift in the way that services are organized so that dental teams move from a "cure" culture to a "care" culture (Glick et al. 2012) .
Savings could be delivered in NHS dentistry by simply extending the recall interval with GDPs, as doubling this interval halves the cost. However, this does not account for the variation in risk of the disease across the practice population. This is important as research suggests that once patients develop disease, their risk of future disease is higher Tickle and Milsom 2008) . As a result, it is important to maintain regular contact with patients according to their risk status to prevent dental disease from developing. Hence, there is a challenge for NHS dentistry to provide preventive care while delivering on quality, increasing productivity, releasing resources, and increasing the capacity to care for those who currently cannot or do not access services .
In medicine, a systematic review (Laurant et al. 2009 ) found that services provided by nurse practitioners were associated with higher levels of patient compliance and satisfaction (Laurant et al. 2009 ). In 2003, a systematic review undertaken on the use of role delegation in dentistry concluded that H-Ts could screen for disease (Galloway et al. 2003) ; this was reiterated in a more recent rapid evidence review (Turner et al. 2012) . However, many of the studies in these reviews were criticized for being of poor quality (Galloway et al. 2003; Dyer et al. 2014) while also failing to ascertain the efficacy of H-Ts when screening for common oral diseases (Innes and Evans 2013) . There is evidence of efficacy for H-Ts in epidemiologic programs (Kwan et al. 1996; Kwan and Prendergast 1998; Patel et al. 2012 ) and technical procedures (Phillips and Shaefer 2013) , but little research has been done in the context of screening in a practice environment.
As a result, the aim of this study was to address this paucity of evidence and use diagnostic test methodologies to determine whether H-Ts could be used in a screening role in a practice environment.
Methods

Ethical Approval
Ethical approval was given by the National Research Ethics Service Committee North-West (Cheshire) on February 19, 2013 (13/NW/0010; 118638), and the study protocol was published (Macey et al. 2013 ).
Participants and Procedure
The study was based on diagnostic test accuracy (DTA) methodology and was designed to satisfy the Standard for Reporting of Diagnostic (STARD) tests (Bossuyt et al. 2003) . Dental practices were sampled purposively according to the following eligibility criteria:
• Employment of at least one H-T for the provision of routine dental care within the NHS • Large throughput of NHS patients The inclusion criteria for the patients in the study were as follows:
• An NHS patient • A minimum of 18 y of age • Asymptomatic • Patient attending for a routine inspection (checkup) • Willingness to consent to study Patients in pain or requiring active intervention were excluded.
Patients due for a routine checkup were contacted by the dental practice with an introductory letter and an information sheet explaining the study. A dedicated and trained member of the practice followed up this initial contact by telephone to ascertain whether they were willing to take part in the study. Upon arrival for their checkup, the trained and dedicated member of the practice checked the patient's eligibility and gained informed consent. Participants were free to withdraw from the trial at any time, without explanation. The study population was recruited consecutively.
Index test: screen by H-T for dental
caries and periodontal disease Reference test: screen by GDP for dental caries and periodontal disease Both H-Ts and GDPs attended a compulsory training day, which covered recruitment, consenting, screening process, and patient record form completion. Calibration was conducted using stock photographs of carious and noncarious teeth (Irwig et al. 2002) . GDP training was considered successful when values for sensitivity exceeded 85%, the threshold set by the World Health Organization (1997). Levels for specificity were set lower at 65%, based on the results of an earlier in vitro study (Brocklehurst et al. 2012) . The diagnostic threshold for dental caries was defined as any tooth in the patient's mouth that showed evidence of frank cavitation or shadowing and opacity that would indicate dental caries into the dentine (when clean and dried). The diagnostic threshold for periodontal disease was any pocket in the patient's mouth where the black-band of a basic periodontal examination (BPE) probe (3.5 to 5.5 mm) partially or totally disappeared. This is equivalent to a BPE score of 3 or above and was chosen as it represents the point where a full pocket charting is thought to be necessary (British Society of Periodontology [BSP] 2011).
For both dental caries and periodontal disease, the H-T and the GDP were independently asked to answer a hypothetical question on a record form based on their findings at a patient level: "Does the patient require any further investigation?" (Brocklehurst et al. 2011) . Any tooth or any periodontal pocket in the patient's mouth that exceeded the diagnostic threshold was considered to represent a positive test for the respective disease. Given the variation among clinicians when assessing risk, clinicians were asked to avoid any subjective assessment of risk and simply focus on whether the patient exceeded the diagnostic thresholds for caries and periodontal disease.
To reduce order effects, each practice was randomly allocated using a permuted block sampling (Matts and Lachin 1988) system to either H-T first or GDP first. As such, half of the patients received the index test first and half received the reference standard first. The H-T and GDP examinations were performed independently, and clinicians were blind to each other's score; the results were shared only with the research team that performed the statistical analysis (see Appendix Figure) . Participating practices used the same H-T/GDP pairing for all patients, who were recruited on a consecutive basis.
Sample Size
Flahault's sample size method was used as the prevalence of both diseases was anticipated to be below 50% (Flahault et al. 2005 ). This requires information on the expected sensitivity values of the new diagnostic test and the minimum acceptable lower confidence limit. Brocklehurst et al. (2012) found that the sensitivity of different clinicians to assess photographs of potentially carious teeth was 85%. As clinicians were expected to find the judgment task in vivo easier, this was set at 90%. The acceptable lower confidence limit was set at 80% to align with the World Health Organization (1997). The number of patients required to satisfy a power of 0.8 was 235. Of the 2 diseases being studied, dental caries has the lower prevalence of 20% (Sheiham and Sabbah 2010) and so was the constraining factor for the sample size calculation. This means 4 × 235 = 940 (since [(1 -Prev)/Prev] = 4) cases are needed without caries, giving a total of 1,175 cases. To allow for pooling of the data within GDP/H-T pairings, a target of 2,000 patients was set.
Statistical Methods
Data were analyzed using the Metandi package in STATA 13 (StataCorp LP, College Station, TX, USA) and RevMan 5.2 (The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark). The H-T screening (index test) was compared with the GDPs (reference test) to determine true-positive, falsepositive, false-negative, and true-negative values. Sensitivity, specificity, positive predictive value, negative predictive value, and diagnostic odds ratios were calculated, and a 95% confidence interval was applied where appropriate. A metaanalysis was performed according to the methods of the Cochrane DTA Handbook (Macaskill et al. 2010) . Summary points, the confidence region, and prediction region were calculated using bivariate model parameters for the sensitivity and specificity of each practice and plotted in receiver operating characteristic (ROC) space to investigate heterogeneity.
Results
The study ran from June 2013 to August 2014. A total of 1,899 patients consented to the study; no patients withdrew, and no adverse events were experienced. In total, 996 patients were randomly allocated to see the GDP first, and 903 attended the H-T first. All recruited patients received both the index and reference tests. The interval between index and reference tests was never greater than 21 min. Patient and practice characteristics are presented in Table 1 . There were no missing results regarding the outcome of a positive or negative screening decision, but 2 practices failed to collect data on smoking and dentures; these have been classified as "not reported" (NR) in Table 1 and therefore are not included in the smoking and dentures data. The patient's mean age was 49.15 y, and 53.3% of patients were women. In total, 287 patients were smokers, 207 had dentures, and 55% of patients had 1 to 9 restorations. The mean time taken for the screening check was 5 min and 25 s for H-Ts and 4 min and 26 s for GDPs. Figures 1 and 2 show the sensitivity and specificity results for caries and periodontal disease. Table 1 reports positive predictive value, negative predictive value, and diagnostic odds ratio for both periodontal disease and dental caries. The Appendix Table states the results in 2 × 2 table format to highlight the level of agreement between the H-T and GDP. Figures 1 and 2 show the variation in performance between practices.
Dental Caries
In total, 668 patients had evidence of caries identified by the GDP, resulting in a prevalence of 0.35. The H-T classified 548 of these as positive and correctly identified 1,047 of the 1,231 patients whom the GDP screened as negative for caries. The summary points for sensitivity and specificity were 0.81 and 0.87, respectively. This means that in a sample of 100 patients, in whom 35 experienced dental caries (prevalence of 0.35), 7 individuals would remain undetected if screened by an H-T (false negative) and 8 individuals without caries would be referred for treatment (false positive).
Periodontal Disease
In total, 1,074 patients were identified by the GDP as having at least one pocket exceeding 3.5 mm in depth and therefore being screened positive for periodontal disease, resulting in a prevalence of 0.57. Of these, 953 were correctly identified (5) 22 (11) 1 (1) 3 (2) 23 (12) 10 (5) 9 (5) 20 (10) 5 (3) 111 (6) 1 to 9
107 (54) 116 (58) 114 (57) 56 (48) 107 (57) 122 (61) 114 (57) 120 (60) 94 (47) 92 (46) by the H-T. Of the 825 patients whom the GDP screened as negative, the H-T reached the same screening decision for 621 patients. The summary points for sensitivity and specificity were 0.89 and 0.75, respectively. This means that in a sample of 100 patients, in whom 57 had periodontal disease (based on the prevalence of 0.57), 6 individuals would remain undetected if screened by an H-T (false negatives), and 11 individuals without periodontal disease would be referred for treatment (false positives).
Discussion
The summary sensitivity point (Figs.  3 and 4) for H-Ts screening for dental caries and periodontal disease suggest that H-Ts are capable of identifying disease in patients, where it exists. According to the criteria of Deeks and Altman (2004) , as the diagnostic odds ratio was in excess of 20, with the positive likelihood ratio in excess of unity and the negative likelihood ratio being less than unity, the results would suggest that H-Ts are capable of screening for both dental caries and periodontal disease (Deeks and Altman 2004) . There is a high certainty that when either disease exists, the H-T will correctly classify the patient as screen positive. The summary specificity point for dental caries also confirms their ability to correctly classify screen negatives in presenting patients (i.e., health).
The summary specificity point for periodontal disease is lower than dental caries and suggests that there was greater difficulty in classifying healthy patients. This may be surprising as it is often thought that H-Ts are well skilled in the management of periodontal disease, as this currently reflects the majority of their workload ). The results of this study would result in 204 patients of the 1,899 being falsely classified as screen positive (Fig. 2) . The reasons for this could be that in borderline cases where the periodontal pocket was close to the 3.5-mm threshold, H-Ts were inclined to report a positive index test result to ensure that nothing would be missed, a trend seen in other studies where, if in doubt, the patient is referred on for further investigation (Brocklehurst et al. 2012 ). Alternatively, this may result from different judgment criteria being applied by GDPs and H-Ts when probing periodontal pockets (Velden and Vries 1980; Freed et al. 1983) . Equally, it could be that the GDP was incorrectly classifying diseased patients as negative; it has been suggested that H-Ts could be better than GDPs at periodontal examinations, given the greater emphasis placed in this clinical area during their training ).
This leads to the main weakness of this study: the use of a clinician as a reference standard. The reference standard should be the best possible method of determining whether the patient presents with the disease being assessed (Manchikanti et al. 2009 ) and should be objective rather than subjective (Bossuyt et al. 2003) . However, the clinical diagnostic test for dental caries is problematic (Wenzel and Hintze 1999) , and it is widely accepted that different dentists often reach different diagnostic decisions (Bader and Shugars 1995) . Means to overcome this would have been to use trained epidemiologists, consensus from a committee of dentists, or the use of radiographs to inform the decision. However, all of these options would have been problematic-the former two because of additional time constraints and the potential discomfort of multiple examinations, the latter being unethical for healthy patients. This was a pragmatic study and therefore used one GDP as the reference standard and ensured that the study was achievable within a reasonable time frame and had a minimal impact on the patient. It also reflected the potential model that could be used in large dental teams, should H-Ts be used in this screening role. Figure 1 identifies that 120 of 1,899 patients were misclassified as false negative for caries (121 for periodontal disease; Fig. 2 ). Despite the relatively high sensitivity and negative predictive values, any false negatives are concerning. If these patients had been seen as part of a model of care in which they only saw an H-T, these patients with disease would have been misclassified as healthy. However, if these adult patients were being regularly screened, they would be seen again within a relatively short time frame. As such, the impact of false negatives would be ameliorated to a large degree, given that the progression of caries is relatively slow in low-risk adult populations and that they would be likely to be identified at the next screening appointment (Broadbent et al. 2008; van Gemert-Schriks et al. 2008; Stephenson et al. 2010) . It also assumes that GDPs never misdiagnose, which is unlikely.
Of greater clinical significance are the positive and negative predictive values (Pretty and Maupome 2004) . The negative predictive value for caries is particularly high and shows that when an H-T identifies a caries-free patient, there is a 90% likelihood that they do not have the disease. Conversely, the lower positive predictive value suggests that when in doubt, H-Ts refer on. This could be due to the difficulties in diagnosing borderline cases (i.e., H-Ts may have less experience in screening for caries). This would appear reasonable given the difficulties in caries diagnosis at all levels of the profession (Bader et al. 2001) and the proliferation of adjunctive aids to inform this decision. The forest plots ( Figs. 1 and 2 ) and ROC space plots (Figs. 3 and 4) show a greater variation between practices for dental caries than periodontal disease, suggesting that the diagnostic task for the former is more difficult than the latter. The prevalence has been used to order the practices within the forest plots to assess any impact prevalence may have. The confidence intervals can be seen to widen for sensitivity (Fig. 1) when the prevalence is low, suggesting greater uncertainty in the screening decision when a low number of caries is present in the population.
A further issue is the artificial nature of the judgment ecology. The diagnostic thresholds used in this study would mean that a 75-year-old patient with a periodontal pocket of 3.6 mm on a single molar would be classed as diseased, when in reality, a risk assessment would be undertaken in conjunction with an assessment of the patient's history to assess whether treatment was necessary. This study did not allow for an assessment of risk or aim to assess treatment planning decisions. Instead, it aimed to assess the ability of H-Ts to make correct screening decisions. This was deliberate given the potential variation that is observed when clinicians are asked to record risk (Petersson and Bratthall 2000; Persson et al. 2003) .
Despite these issues, the results of the study suggest that H-Ts could be used more innovatively within new models of care to screen for disease in publicfunded systems. Data on the number of attending asymptomatic patients within the United States are difficult to ascertain. However, data from the United Kingdom suggest that around half of all NHS clinical activity relates to routine examinations alone (Health and Social Care Information Centre [HSCIC] 2014) and less than a quarter of NHS patients are classified as being at high risk of disease (Department of Health 2014). This means that of the 13 million routine adult dental examinations conducted in the NHS from 2013 to 2014 (HSCIC 2014), 10 million could theoretically have been conducted by an H-T at significantly lower cost. Recommendations have been made to shift the dental paradigm from a "cure" to a "care" culture, and again, H-Ts could play a crucial role here (Gallagher and Wilson 2009) . With H-Ts demonstrating an ability to screen for common oral diseases, their utility in new models of "care" with an emphasis on prevention appears promising. In turn, this has the potential to release resources at a practice level in publicfunded systems to address the changes in population need and target care more effectively to reduce oral health inequalities.
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